Introduction
In the United Kingdom (UK), as in many other western countries with concentrated HIV epidemics, sex between men is the most important mode of HIV transmission [1] . National HIV/AIDS surveillance was established and coordinated at Public Health England (PHE) (formerly the Health Protection Agency) at the beginning of the 1980s, and has allowed comprehensive understanding and description of the epidemic in the UK [2] . Since the first reports of HIV in the early 1980s, men who have sex with men (MSM) have remained the group most at risk of acquiring HIV in the UK. By the time an HIV antibody test became available in 1984, over 2,000 men had been reported with an AIDS diagnosis. In the late 1980s and early 1990s, the annual number of new HIV/AIDS cases plateaued but remained high at 1,620 cases, on average, annually [2] . This period was also marked by a rapid increase in deaths until the availability of effective treatment in the mid1990s, which resulted in a marked decline in mortality reports.
Trends in new diagnoses must be interpreted in the context of HIV testing patterns. In the UK, HIV testing services are free and confidential, regardless of residency status, and cross-sectional surveys indicate that the large majority of MSM prefer to undergo HIV testing at sexually transmitted infection (STI) clinics (A Nardone, personal communication, August 2014). Once diagnosed, quality of care is excellent with high retention rates and a near-normal life expectancy among persons diagnosed early [3] . We review 15-year epidemiological trends in HIV diagnoses and testing patterns among MSM to assess the success of prevention efforts and testing strategies. We calculate mortality rates within a year of diagnosis, and in a multivariable model we investigate predictors of late presentation and assess its impact on mortality within one year of diagnosis.
Methods

Data sources and quality
We define MSM as men who have ever had sexual contact with another man. The term describes sexual behaviour, regardless of how men perceive their sexual identity. Information on MSM ('men' hereafter) newly diagnosed with HIV between 1999 and 2013 in the UK was obtained from the national HIV and AIDS Reporting System (HARS) held at PHE [4] . HARS has three national surveillance components that collect demographic and clinical information on adults (aged 15 years and older) newly diagnosed with HIV infection from clinicians and/ or laboratories and prospective clinical information (CD4 counts, viral loads, antiretroviral therapy (ART) status) annually collated for all adults seen for HIV care and supplementary CD4 counts from laboratories in England, Wales and Northern Ireland. Scottish data are provided separately by Health Protection Scotland, and subsequently incorporated to create a UK dataset.
Although national reporting of HIV is not mandatory, returns are linked to commissioning of HIV services and therefore are timely and of high completeness. From triangulation of the data sources, annual lossto-follow-up is less than 5% [5] , ensuring that HARS' coverage is above 95%. Notification delay is minimal (<2%) and national figures are not adjusted for delay. AIDS diagnoses and deaths are also reported by clinicians. All-cause mortality for people aged up to 65 years is supplemented from the Office for National Statistics (ONS) death register. Data are linked to HARS using limited patient identifiers (sex, date of birth and Soundex (scrambled surname code [6] ). No names are collected on HIV databases kept at PHE and data are kept securely within data protection regulations.
Missing information on probable route of transmission is routinely adjusted for by calculating and applying the proportional distribution of each known exposure group to the overall number of new diagnoses in a given year. Missing exposure information is higher in recent years (11.5%, 690/6,000 in 2013 vs 0.9%, 30/3,248 in 1999). We present trends in the overall number of new diagnoses reported annually. Unless specified, we present observed data for all sub-analyses of new diagnoses among men.
Over the past 15 years, completion rates for ethnicity, country of birth and probable country of infection (PCOI) were 99% (35,923/36,340), 86% (31,318) and 70% (25, 352) , respectively. CD4 counts were available for 89% (32,349) of new diagnoses with 85% (31,000) available within three months of diagnosis. To address potential selection biases in completeness of the country of birth field (particularly evident in the earlier years) we calculated a lower estimate of men born in the UK by assuming that all men with a missing country of birth were born abroad, and an upper estimate by assuming all men with missing data were born in the UK. For men born abroad, a published algorithm incorporating information on age, ethnicity, year of arrival in the UK, and CD4 count at diagnosis was used to ascertain and report whether men were infected abroad or in the UK [7] . These adjusted figures are only produced nationally. Elsewhere, observed data on men infected abroad are presented.
Aggregate data on the number of HIV tests performed in STI clinics reported to PHE were used for the years 1999 to 2008 (known as KC60 returns), and after which testing data were reported as part of a disaggregate dataset (known as Genitourinary medicine clinic activity dataset version 2 (GUMCADv2)). KC60 returns included HIV diagnoses and other services provided by all STI clinics in the UK by risk group and for MSM for all ages only. Since 2008, GUMCADv2 has replaced KC60 returns and captures patient-level data, including demographic and clinical history information, on all STI clinic attendees but for England only [4] . As a result we present trends in overall HIV testing data among men attending STI clinics in England for the past 15 years and by age groups for the period 2009-2013.
Definitions
All persons newly diagnosed with HIV infection have confirmatory laboratory evidence of anti-HIV antibodies. A late HIV diagnosis was defined as having a CD4 count <350 cells/µL within 91 days of diagnosis. Oneyear mortality was calculated using all-cause mortality within twelve months of a HIV diagnosis among newly diagnosed men in a given year and both measures were expressed as percentages with 95% confidence intervals (CI).
Statistical analysis
Descriptive analyses were conducted on trends in new diagnoses and late diagnoses. Changes over time were investigated using the chi-squared test for trend and non-parametric trend analysis was conducted to investigate changes over time within groups. Nonparametric analysis was conducted to examine trends in median CD4 count at diagnosis.
Univariate analysis was performed to explore associations between demographic attributes and late diagnosis. Variables with marginal associations (p <0.10) were included in multivariable logistic regression analyses, where a stepwise backward approach was used to sequentially remove variables not significant (p ≥0.05) in order of the p value magnitude. For significant (p <0.05) risk factors, adjusted odds ratios (OR) and 95% CI were reported. All statistical analyses were conducted using Stata 13.1 (StataCorp, College Station, TX). The median age at diagnosis remained constant at 35 years throughout the period (interquartile range (IQR): 28-42)) (p=0.64). Annual diagnoses significantly increased in all age groups but increased almost fourfold among younger men (15-24 years, from 131 to 462, p<0.001) and almost threefold among men aged ≥50 years (from 115 to 308, p<0.001). Nevertheless, collectively, three quarters of all diagnoses were reported among men aged 25-34 years (38%) and 35-49 years (40%).
Results
Fifteen-year trends in the demographic profile of new diagnoses and HIV tests in sexually transmitted infection clinics
Overall, the majority of men were white (85%), with some annual change. While absolute numbers were small, among those of other ethnicities, there has been a significant year-on-year increase in new diagnoses among Asian (including Indian sub-continent, Chinese and other Asian) and black African men (p<0.001). Diagnoses among black-Caribbean men remained low (annual average: 60, standard deviation (SD): 13.2).
Almost half of all new diagnoses were made in London over the period, although the annual proportion has significantly declined over time from 57% (815/1,421) in 1999 to 50% (1,465/2,947) in 2013 (p<0.001). Overall, diagnoses increased by 34% in England compared with 53% in England excluding London.
An estimated 68% (21,202/31,318) of new diagnoses were among men born in the UK (range: 58% to 72% when adjusting for missing information). However, diagnoses among men born in other European countries rose from 12% (90/743) of all diagnoses in 1999 to 20% (520/2,593) in 2013 (Figure 2) . Over half of all new diagnoses among European men (n=4,502) were among men born in Spain (15%), Italy (13%), Ireland (10%), France (10%) and Poland (10%). Outside Europe, a small but significantly increasing proportion of all diagnosed men was born in Asia (2.2% (n=17/743) in 1999 to 5.9% (n=152/2,593) in 2013, p<0.001) and in Latin America (2.8% (21/743) to 5.3% (n=137/2,593), p=0.01) (Figure 2 ). Overall, two thirds of non-UK-born men were white compared with 94% of UK-born men.
Over the period, two thirds of diagnoses (15,803/24,082) were in UK-born men who probably acquired their infection in the UK; the figure for 2013 was 59% (1,173/2,005). Of the 1,629 of men diagnosed in 2013 who probably acquired their infection in the UK, 72% were UK-born and 12% were born in other European countries. In comparison, only 16% of men who were probably infected outside the UK were born in the UK (p<0.001).
The median CD4 count at diagnosis steadily increased from 350 cells/mm 3 (IQR: 155-530) to 463 cells/µL (IQR: 307-641) over the 15 years (p<0.001). A statistically significant increase was observed among all age groups except the youngest men and the incline was steepest among men aged ≥50 years ( Figure 3 ). Throughout In the last five years, the number of men testing annually has steadily increased in all age groups with the slowest increase among 35-49 year-olds (46% vs 69% among 25-34 and ≥ 50 year-olds and 84% among 15-24 year-olds) ( Figure 4 ). Concurrently, new diagnoses among men of this age group and those aged 50 years and above have remained stable. The greatest increases in testing and new diagnoses were observed among the youngest men. . In 2013, in multivariable analyses, older age and a late diagnosis were predictors of dying within a year of being diagnosed (Table 2) .
Late HIV diagnoses
Discussion
Despite targeted interventions aimed at reducing HIV infections in the UK since the early 1980s, the past 15 years of the epidemic have seen year-on-year rises in new diagnoses among MSM, with a record 3,250 new diagnoses in 2013. On a positive note, alongside this rise, the volume of HIV tests performed in STI clinics also increased to over 100,000 tests in 2013 and the proportion diagnosed late declined to an estimated 31%. Of concern is the continued high numbers of late presenters and high mortality rate in the year following a HIV diagnosis in this group.
We observed the greatest increases in new diagnoses among younger men. This rise is probably due to sustained HIV transmission as well as increased HIV testing. New diagnoses among younger men are often used as a proxy of incidence, as the time interval between diagnosis and infection is shorter than for older ages. This is also supported by the high median CD4 count at diagnosis in this group, which is indicative of recent infection. During the same period, the number of HIV tests performed increased almost 10-fold and this is reflected in the decline in time-to-diagnosis interval from 4 years in 2001 to 3.2 years in 2010 [8] . From the age-specific HIV testing data, testing among younger men has also steadily increased. Despite this increase in HIV testing, the number of HIV tests performed in 2011 only equated to an estimated HIV test coverage of <10% of the male population in England [9] . Safer sex campaigns with HIV testing and other prevention strategies must be promoted to make an impact on the increasing trends in new diagnoses.
Although surveillance systems differ between countries, new diagnosis trends among men in the UK are broadly comparable to those observed in other European countries [10] [11] [12] . This has resulted in an overall increase in new HIV diagnoses among men reported by the European Centre for Disease Prevention and Control (ECDC): with a 36% increase in new diagnoses observed between 2003 and 2008 in Europe [13] . While an increase among younger men has been reported in other countries, the pattern in new diagnoses among older men is varied [13] . Without concurrent HIV testing data, it is difficult to interpret the rise in new diagnoses reported in other countries. In Norway, the rise has been attributed to increased transmission rather than HIV testing [10] . A proportional decline in late diagnosis among men has been reported across Europe in recent years [13] [14] [15] ; in central Europe from 52% in 2000 to 40% in 2008 and in northern Europe from 48% to 39% [14] . Disappointingly, the annual number of men diagnosed late has remained high and stable throughout the decade and in 2013, one in three men was still diagnosed late, at the threshold at which treatment is recommended. As total numbers of new diagnoses have increased, stable numbers of late diagnoses suggest those additional annual diagnoses are probably being diagnosed promptly through repeat testing and/or recent acquisition. In multivariable analysis, older men were more likely to present late and be at increased risk of death within a year of diagnosis. Others have also found increasing age to be a predictor for late diagnosis [15, 16] . This finding is likely to reflect both delay in diagnosis and steeper CD4 declines following HIV infection in older men [17] . Poorer health outcomes among older adults diagnosed with HIV infection has been previously documented in this population [18] . Together these findings underscore the importance of reaching men who are not regularly testing for HIV and ensuring a prompt diagnosis and access to HIV care and treatment for all men regardless of age.
Reductions in late diagnoses can be achieved through a higher HIV testing coverage. Since 2008, national HIV testing guidelines recommended expanding and normalising HIV testing beyond STI clinics into medical services in areas where diagnosed HIV prevalence is above the threshold of two per thousand among 15-59 year olds [19] , and have advocated the development of local strategies to offer HIV testing to men [20] . In addition, late diagnosis of HIV infection has been selected as a key indicator of Public Health Outcome Framework in England since 2010 [21] . Despite these recommendations, there is little evidence to date of local initiatives to expand HIV testing beyond STI clinics [22] and an estimated 8,000-9,000 men remain undiagnosed annually across the UK [8] . The numbers undiagnosed has remained stable throughout the decade and modelling suggests that the large majority of transmissions come from men unaware of their infection [23] .
The decline in one-year mortality is an important achievement as it implies that linkage and retention in HIV care have improved, especially among men diagnosed late. The decline also reflects changes to national recommendations on ART initiation. In 2008, the recommendation to initiate treatment was amended from CD4 cell counts <200 to <350/µL [24] . Nevertheless a mortality of 2% among those diagnosed late is alarmingly high when compared with 0.1% among men diagnosed promptly. These findings highlight the importance of prompt diagnosis and ART initiation. While white, UK-born men aged 25-49 years account for the majority of new HIV diagnoses over the 15 years, the HIV epidemic among MSM has diversified. The largest increases in new diagnoses have been among the youngest and oldest age groups and in 2013 these accounted for 16% and 11% of new diagnoses, respectively. The ethnic composition of the epidemic has also expanded with greater numbers of men originating from Asia and central and eastern Europe; in 2013 more than one third of men diagnosed with HIV infection were born abroad. A similar diversity is apparent among men diagnosed late, where a substantial number were of black ethnicity. Importantly, our estimates of country of infection indicate that 66% of men born abroad probably acquired their HIV infection in the UK. MSM from ethnic minority groups in the UK may face additional challenges including discrimination and isolation. It is therefore vital that prevention programmes provide culturally and linguistically appropriate services for this diverse population of gay and bisexual men and other men who have sex with men.
There are several strengths to our study. The study population is based on comprehensive national surveillance data from multiple sources linked to all-cause deaths reported to the Office of National Statistics. Data quality and completeness are high overall. Nevertheless, there are several limitations. First, some variables were less complete than others. For example, 14% of men did not have information on country of birth and 15% were missing CD4 cell count within three months of diagnosis. Reassuringly, no differences were observed between men with and without country of birth or CD4 information (data not shown). Second, linkage between our national HIV surveillance system and the ONS death register does not capture all deaths. However, the remaining deaths are actively followed up to ensure the surveillance system captures the majority of deaths. Third, HIV testing data were only available for STI clinics. However, STI clinics test over half of all individuals for HIV [25] the increase in new diagnoses among the youngest and oldest men can be accounted for by increases in HIV testing. However, 93% of all new HIV diagnoses between 1999 and 2013 were reported in England with very little variation in recent years. Trends in new HIV diagnoses in Scotland, Wales and Northern Ireland also follow the same trend as in England (data not shown). For these reasons, we do not believe the exclusion of HIV testing data from the other UK countries would have significantly affected our analyses.
In summary, in the past 15 years of the epidemic in the UK, our data indicate that new HIV diagnoses have continued to rise due to increased testing and high rates of ongoing transmission. Late diagnosis and older age are important predictors of mortality. Despite a decline in late diagnosis, over 900 men present late each year and one-year mortality remains high in this group. Culturally appropriate prevention and testing strategies that are sensitive to a diversifying population require strengthening to reduce HIV transmission and late diagnosis.
